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Pore structures of the precursors
The pore structures of the precursors prepared at different heat-treatment temperatures are shown in Figure S1 . The N2-adsorption isotherms of H-series samples, shown in Figure S1a -1, commonly showed a small adsorption at the lowest relative pressure region followed by a gentle increase in the middle relative pressure region and a steep increase at near the relative pressure of unity. The volume of the adsorbed N2 increased depending on the pretreatment temperature. P-series samples ( Figure S1b-1) showed a different temperaturedependence of the isotherms, particularly when they were prepared above 700 °C, which induced an abrupt increase in the volume of N2 adsorbed. Another large increase in the N2 volume adsorbed was observed when CPAT was conducted at 1000 °C. The micropore size distribution curves for H-series and P-series precursors are presented in Figure S1a -2 and Figure S1b -2, respectively. The pore size distribution curve of H-1000 indicated the formation of micropores with uniform pore size. In the case of P-series, the development of uniform micropores were observed for the precursors prepared at higher than S3 800 °C. Note that the ordinate scales of the graphs for H-series and P-series are different.
Figure S1: N2 adsorption isotherms of H-series (a-1), P-series (b-1), and micropore size distribution by MP method, H-series (a-2), P-series (b-2). The isotherms were obtained at the liquid nitrogen with an automatic apparatus (BELSORP mini, MicrotracBEL Corp.) . Before the measurements, the samples were evacuated at 200 °C for 2 h. Figure S2 shows the SEM images of the prepared carbon materials. Irregularly shaped particles were observed because these particles were obtained by ballmilling. The samples treated with phosphoric acid, P-1000 and PH-1000 seemed to have larger particles than H-series samples. SEM was operated at an acceleration voltage of 5 kV (JSM-6700FS, JEOL) and carried out for the ground samples placed on conductive carbon tape. 
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Morphology of the samples
Raman spectra of the precursors
Raman spectroscopy was applied to the precursors to obtain information about the structural changes during the pretreatments. The results are presented in Figure S3 . The precursors prepared at 400 °C, H-400 and P-400, showed somewhat different spectral shapes with additional peaks at lower Raman shifts, 
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ORR activities of the precursors ORR voltammograms of selected precursors are presented in Figure S4 . The ORR activity of H-series increased when the treatment temperature increased from 500 to 700 °C. However, it stayed nearly the same ORR activity by raising the temperature to 1000 °C. Different temperature-dependence of the ORR activity was observed for P-series. The activity increased when the temperature increased from 500 to 700 °C and a remarkably large increase was observed when the temperature changed from 700 °C to 1000 °C. 
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Pore structures of carbon materials
Figured S5 shows the N2 adsorption isotherms and the micropore size distribution curves of the carbon materials prepared in the present study. The isotherms of HH-series ( Figure S5a-1) completely overlapped regardless of the pretreatment temperature. Hence, the micropore size distribution of the carbon materials belonging to HH-series were the same ( Figure S5a-2) . On the other hand, the isotherms of PH-series carbon materials depended on the pretreatment (CPAT) temperature ( Figure S5b-1) . Accordingly, the micropore size distribution changed as shown in Figure S5b 
Influence of surface area on ORR activity
In general, catalytic activity of heterogenous catalyst depends on the surface area. Figure S6 shows a relation between the ORR activity of the carbon S10 materials prepared in the present study and the BET surface area. A weak correlation was observed for the samples with lower BET-SSAs; however, such relation was not observed for the carbon materials with higher ORR activities.
This result concluded that the higher ORR activities observed for PH-series carbon materials do not originate from the development of the surface area but also from other factors. We assumed the presence of -C-PO2 and -C-PO3 is responsible for the ORR activities. 
